Background and aim: a-complex protein-2 (aCP2) encoded by the poly (rC) binding protein 2 (PCBP2) gene is responsible for the accumulation of type I collagen in fibrotic livers. In this study, we silenced the PCBP2 gene using a small interfering RNA (siRNA) to reverse alcohol-and cytokine-induced profibrogenic effects on hepatic stellate cells (HSCs). Methods: Primary rat HSCs and the HSC-T6 cell line were used as fibrogenic models to mimic the initiation and perpetuation stages of fibrogenesis, respectively. We previously found that a PCBP2 siRNA, which efficiently silences expression of aCP2, reduces the stability of type I collagen mRNA. We investigated the effects of the PCBP2 siRNA on cell proliferation and migration. Expression of type I collagen in HSCs was analyzed by quantitative real-time PCR and western blotting. In addition, we evaluated the effects of the PCBP2 siRNA on apoptosis and the cell cycle. Results: PCBP2 siRNA reversed multiple alcohol-and cytokine-induced profibrogenic effects on primary rat HSCs and HSC-T6 cells. The PCBP2 siRNA also reversed alcohol-and cytokine-induced accumulation of type I collagen as well as cell proliferation and migration. Moreover, the combination of LY2109761, a transforming growth factor-b1 inhibitor, and the PCBP2 siRNA exerted a synergistic inhibitive effect on the accumulation of type I collagen in HSCs. Conclusions: Silencing of PCBP2 using siRNA could be a potential therapeutic strategy for alcoholic liver fibrosis.
Introduction
Liver fibrosis/cirrhosis is a global health problem that leads to morbidity and mortality. Alcohol abuse is one of the most common causes of liver fibrosis/cirrhosis in western developed countries and accounts for more than 50% of cirrhosis cases.
1,2 Alcoholic liver fibrosis is characterized by excessive accumulation of extracellular matrix (ECM) in the liver. While liver fibrosis is reversible and treatable in the initial stage, it becomes irreversible and untreatable in its advanced stages. Hepatic stellate cells (HSCs) play a key role in fibrogenesis and are responsible for the production of the ECM. It is known that the transdifferentiation of quiescent HSCs to myofibroblast-like cells is a hallmark of liver fibrogenesis.
3 ECM secretion is significantly increased upon activation of HSCs. These conditions lead to liver fibrosis accompanied by enhanced HSC migration. HSC activation is divided into two stages: initiation and perpetuation. 4 The initiation stage involves changes in gene expression and phenotypes. Sustained stimulation of HSCs over a long term results in the perpetuation stage that involves proliferation and fibrogenesis. 5 After activation, HSCs become more contractile, proinflammatory, and fibrogenic. 6 Additionally, after transdifferentiation, activated HSCs migrate to injury sites where they produce >50-fold higher levels of ECM in which type I collagen is the major component. 7 The excessive collagen accumulation in activated HSC is mainly due to the enhanced stability of type I collagen mRNA. 8 In our previous study, 9 HSC-T6 cells exposed to alcohol for 48 h demonstrated enhanced aCP2 expression leading to the prolonged stability of type I collagen mRNA. In a fibrotic microenvironment, various cytokines including transforming growth factor b1 (TGF-b1), platelet-derived growth factor (PDGF), and epidermal growth factor (EGF) play major roles * Edited by Peiling Zhu and Genshu Wang. in stimulating fibrosis and cirrhosis. These cytokines promote cell proliferation and migration as well as excessive collagen production. TGF-b1, one of the most potent profibrogenic cytokines, is involved in the initiation and maintenance of fibrogenesis. TGF-b1-stimulated activation of HSCs is reported to be the key fibrogenic response in liver fibrosis. 3 In addition, PDGF, an important cytokine, promotes collagen production upon HSC activation. PDGF and its receptor (PDGFR) are up-regulated after HSC activation and correlate with the degree of fibrosis. EGF plays a critical role in liver regeneration and HSC transdifferentiation. EGF and EGF receptor are highly overexpressed in fibrotic livers, resulting in an increased HSC migratory capacity and upregulated matrix metalloproteinase-2 activity. 10, 11 In the current study, primary rat HSCs and the HSC-T6 cell line were used as fibrogenic models to mimic the initiation and perpetuation stages of fibrogenesis, respectively. Furthermore, we explored the effects of a PCBP2 siRNA on liver fibrogenesis induced by alcohol and cytokines.
Materials and methods

Materials
Dulbecco's modified Eagle's medium (DMEM), Dulbecco's phosphate-buffered saline (DPBS), penicillin, and streptomycin were purchased from Mediatech, Inc. (Manassas, VA). Fetal bovine serum (FBS) was purchased from Atlanta Biologicals Inc. (Lawrenceville, GA). Bovine serum albumin (BSA) was purchased from Sigma-Aldrich (St. Louis, MO). An iTaq Universal SYBR Green One-
Step Kit was purchased from Bio-Rad (Hercules, Ca). PDGF and EGF was purchased from R&D Systems (Minneapolis, MN). TGF-b1 was purchased from Sino Biological Inc. (Beijing, China). PCBP2 siRNA and a scrambled siRNA (negative control siRNA) were obtained from Ambion Inc. (Austin, TX). Lipofectamine-iMAX and TRIzol reagent were obtained from Invitrogen (Carlsbad, CA). A Dead Cell Apoptosis Kit with Annexin V Alexa Fluor ® 488 and Propidium Iodide was purchased from Thermo-Fisher Scientific (Pittsburgh, PA).
Cell culture
The rat HSC line HSC-T6 was kindly provided by Dr. Scott L. Friedman (Mount Sinai School of Medicine, New York, NY). Primary rat HSCs were isolated as described previously.
12e14 Cells were cultured as reported previously in DMEM supplemented with 10% FBS, 15 penicillin (100 U/mL), and streptomycin (100 mg/mL) at 37 C in a humidified atmosphere containing 5% CO 2 . The medium was changed every other day. Cells were passaged at 80%e90% confluence. For alcohol stimulation experiments, HSCs were incubated with alcohol in a closed chamber as described previously.
9,16e18
Isolation of primary rat HSCs
The animal use protocol was approved by the Institutional Animal Care and Use Committee of the University of Missouri (Kansas City, MO). Briefly, Sprague-Dawley rats (~250 g) were anesthetized with isoflurane. The abdomen was opened, and the portal vein was cannulated using polyethylene tubing. The rat liver was perfused with 2 mL of a heparin solution diluted at 20 U/mL to avoid blood clotting. Then, the rat liver was perfused with 200 mL Hank's balanced salt solution at 15 mL/min, followed by 250 mL Hank's balanced salt solution containing 0.05% type IV collagenase and 0.1% pronase at 10 mL/min. All solutions were maintained at 37 C. After the perfusion, the rat liver was removed and immersed in Hank's balanced salt solution, and all other tissues were removed without damaging the liver. The liver was cut into small fragments, and the liver cells were released into the medium by mild agitation with forceps. The cell suspension was filtered through sterilized gauze and then centrifuged at 50 Â g for 5 min. The supernatant was further centrifuged at 100 Â g for 5 min. Then, the supernatant was collected and centrifuged at 500 Â g for 10 min. HSCs were further separated using the density gradient centrifugation method. The cell pellet was dispersed in 10 mL of an 11.5% Nycodenz solution and slowly overlaid on 5 mL of a 17.5% Nycodenz solution. This gradient was covered by 2 mL PBS. The gradient was then centrifuged at 1450 Â g for 17 min, and the top of the second layer contained the purified primary HSCs.
Cell cycle analysis and apoptosis assay
The cell cycle analysis and apoptosis assay were performed as described in a previous study 19 with modifications. For the cell cycle assay, at 24 h after PCBP2 siRNA transfection, the cells were incubated with 50 ng/mL PDGF for an additional 12 h. The cells were collected and fixed with ice-cold 70% ethanol. They were then washed with DPBS and incubated with a propidium iodide/RNase staining buffer for 30 min. The cell cycle analysis was performed using a FACSCalibur flow cytometer (BD Biosciences). For the apoptosis assay, the cells were incubated with alcohol for 48 h or transfected with 50 nM PCBP2 siRNA for 24 h and then harvested.
All of these cells were treated according to the manufacturers' protocols and analyzed using the FACSCalibur flow cytometer.
siRNA transfection
Cells were transfected using Lipofectamine-iMAX as described previously. 9, 19, 20 The cells were seeded in 24-well plates at a density of 10,000e30,000 cells/well at 12 h before the transfection. The transfection complex was prepared with 1.25 mL PCBP2 siRNA in 25 mL OPTI-MEM and 1.5 mL Lipofectamine-MAX in 25 mL OPTI-MEM by mixing two 25 mL solutions at room temperature for 5 min to form a complex. The cells were washed with DPBS and then incubated with 50 mL of the siRNA-Lipofectamine complex and 450 mL OPTI-MEM for a final concentration of 50 nM siRNA. After 6 h of incubation, another 500 mL of fresh DMEM was added, followed by incubation for 18 h before evaluation.
Real-time PCR
Total RNA was isolated from the cells using Direct-zol RNA Miniprep Plus (ZYMO research). Real-time RT-PCR was conducted to compare gene expression as reported previously. 21 The primers were as follows: PCBP2, forward primer 5 0 -ACCAATAGCA-CAGCTGCCAGTAGA-3 0 and reverse primer 5 0 -AGTCTCCAA-CATGACCACGCAGAT-3 0 ; type I collagen mRNA, forward primer 5 0 -TGGTCCCAAAGGTTCTCCTGGT-3 0 and reverse primer 5 0 -TTAGGTC-CAGGGAATCCCATCACA-3 0 ; type I collagen pre-mRNA, forward primer 5 0 -CCAGCCGCAAAGAGTCTACATGTC-3 0 and reverse primer 5 0 -TCACCTTCTCATCCCTC CTAA-3 0 . 18s rRNA, forward primer 5 0 -GTCTGTGATGCCCTTAGATG-3 0 and reverse primer 5 0 -AGCTTAT-GACCCGCACTTAC-3 0 .
Cell proliferation assay
HSCs were seeded into a 96-well plate at a density of 7000 cells/ well in complete DMEM at 12 h before transfection. They were transfected with 50 nM PCBP2 siRNA in DMEM with 0.5% FBS and incubated for 6 h. Then, another 100 mL DMEM with 0.5% FBS was added, and the incubation was continued for another 18 h. PDGF was then added at 50 ng/mL in complete DMEM containing 10% FBS. After 12 h, MTT was added, followed by incubation for 2 h. Absorbance values were measured using a DTX880 multimode detector (Beckman Coulter, Indianapolis IN).
22,23
Migration assay
The migration assay was conducted as described previously 10 with modifications. Transwell chambers with 8 mm polycarbonate membranes (COSTAR, Corning, NY) were coated with 50 mg/mL matrigel on the top and 50 mg/mL type I collagen on the bottom. The wells were filled with DMEM containing 10% FBS with or without cytokines. HSCs were transfected with the PCBP2 siRNA for 24 h in DMEM with 0.5% FBS (serum starvation for 24 h) before migration. The transwell chambers were inserted into the well, loaded with 20,000 cells/chamber, and incubated for 4 h to allow migration through the membrane. The cells were fixed with 10% paraformaldehyde and stained with 0.05% crystal violet. All cells remaining on the upper side of the membrane were removed with a cotton swab. Images were obtained at 200Â magnification, and the numbers of cells were counted.
Western blotting
RIPA buffer (150 mM NaCl, 50 mM Tris base, pH 8.0, 1 mM EDTA, 1% Triton X-100, 0.1% SDS, 1 mM PMSF, and 1 mM Na 3 VO 4 ) with a protease inhibitor cocktail (Roche, Indianapolis, IN) was used to lyse cells on ice for 5 min. The lysate was collected by centrifugation at 12,000 Â g for 20 min at 4 C. The protein concentration of the supernatant was determined using a BCA protein assay kit (Pierce, Rockford, IL). Equal amounts of protein were loaded into a 12% SDSpolyacrylamide gel for electrophoresis. The separated proteins were transferred to a polyvinylidene fluoride membrane. After blocking the membrane (5% nonfat dry milk solution), an anti-type I collagen antibody (Rockland Immunochemical Inc., Gilbertsville, PA) was added, followed by incubation for 2 h at room temperature. A horseradish peroxidase-conjugated secondary antibody and a chemiluminescence detection kit were used for detection. The membrane was re-probed with an anti-b-actin antibody (Rockland Immunochemical Inc., Gilbertsville, PA) as an internal control. 3 
Statistical analysis
Data are expressed as the mean ± standard deviation (SD). Statistical analysis was performed by one-way analysis of variance. P < 0.05 was considered to be significantly different.
Results
Silencing PCBP2 reverses the fibrogenic effects of alcohol and cytokines in primary HSCs
Primary HSCs were treated with 100 mM alcohol for 48 h to induce profibrotic gene expression. 9, 24 Quantitative real-time PCR was performed to determine the mRNA levels of PCBP2 and type I collagen. As shown in Fig. 1A , incubation with 100 mM alcohol for 48 h significantly increased the mRNA levels of PCBP2 and type I collagen by 2.30-fold and 4.65-fold, respectively. Compared with our previous study in HSC-T6 cells, 9 the increase of PCBP2 mRNA was equivalent. However, the change of the type I collagen mRNA level was greater than that observed in our previous study (4.65-fold for primary HSCs compared with 2.7-fold for HSC-T6 cells). These results suggested that the primary HSCs were in a quiescent state and therefore more sensitive to alcohol stimulation compared with the HSC-T6 cell line. In addition, alcohol treatment had no significant effect on the expression of type I collagen primary mRNA in primary HSCs, which was consistent with our previous report using HSC-T6 cells. 9 Primary mRNA is the primary transcript of its DNA. It proceeds into mature mRNA (also called mRNA) after splicing. We therefore believe that alcohol induced a profibrogenic effect in HSCs by upregulating the expression of aCP2 (PCBP2) that increases the stability of type I collagen mRNA at the posttranscriptional level. 25 Next, we treated primary HSCs with the PCBP2 siRNA followed by alcohol stimulation. Briefly, primary HSCs were transfected with 50 nM PCBP2 siRNA for 24 h, and then the medium containing 100 mM alcohol was replaced every 6 h for a total incubation time of 48 h. As shown in Fig. 1A , the PCBP2 siRNA remarkably knocked down the expression of PCBP2 (aCP2) in HSCs at the mRNA level. In our previous study, we demonstrated a similar silencing effect of the siRNA in HSC-T6 cells. 9 Real-time PCR demonstrated that, after alcohol simulation, the silencing effects on PCBP2 and type I collagen were up to 85% and 60%, respectively. The protein expression of type I collagen was silenced to a similar level as that prior to alcohol stimulation (Fig. 1B) .
Flow cytometry was performed to examine apoptosis of HSCs after inhibition of PCBP2 using siRNA. 19 No significant difference in the numbers of annexin-V-positive apoptotic cells were observed in the PCBP2 siRNA-treated group compared with HSCs transfected with scrambled siRNA. As shown in Fig. 2 , scrambled and PCBP2 siRNAs induced apoptosis by approximately 8.2% and 9.5%, respectively, in primary HSCs ( Fig. 2A) and by 5.9% and 5.9% in HSC-T6 cells (Fig. 2B) . We also evaluated the apoptotic effect of alcohol stimulation on primary HSCs and HSC-T6 cells (Fig. 2) . The cells were incubated with DMEM containing 100 mM alcohol for 48 h. The percentage of apoptosis in primary HSCs increased from 10.4% to 28.6%. However, 100 mM alcohol did not induce a significant apoptotic effect in HSC-T6 cells (an increase from 5.9% to 8.0%).
Previous studies have demonstrated that TGF-b1 and PDGF induce expression of type I collagen. 26, 27 In the current study, we transfected HSCs with PCBP2 siRNA three times over 6 days, and then incubated the cells with medium containing these cytokines. Primary HSCs were treated with TGF-b1 (12 ng/mL) or PDGF (10 ng/ mL) for 24 h. The expression of PCBP2 and type I collagen were then determined at mRNA and protein levels. As shown in Fig. 3A and C, both TGF-b1 and PDGF upregulated the mRNA levels of PCBP2 and type I collagen. Conversely, treatment of the cells with PCBP2 siRNA reversed the inductive effects of profibrotic cytokines TGF-b1 and PDGF on PCBP2 and type I collagen. Similar results were observed at the protein level of type I collagen ( Fig. 3B and D) .
PCBP2 siRNA reverses the proliferation effect of PDGF
As a result of chronic liver injury, HSCs activate and transdifferentiate into myofibroblast-like cells, and acquire proinflammatory properties. As reported previously, 28 PDGF is upregulated during fibrogenesis and is the most potent cytokine for HSC proliferation. To evaluate the effect of the PCBP2 siRNA on PDGF-stimulated cell proliferation, both primary HSCs and HSC-T6 cells were transfected with 50 nM PCBP2 siRNA in DMEM containing 0.5% FBS for 24 h and then incubated with PDGF for another 12 h. As shown in Fig. 4A , the proliferation of primary HSCs was induced by PDGF, and the stimulatory effect of PDGF was reversed by transfection of the PCBP2 siRNA. Similar results were observed in HSC-T6 cells (Fig. 4B) . However, the stimulatory effect of PDGF on primary HSCs was more significant than that on HSC-T6 cells. Cell cycle analysis was conducted to investigate the antiproliferation mechanism of the PCBP2 siRNA. Primary HSCs treated with PDGF exhibited a decrease in G0/G1 phase and arrest at G2/M phase (Fig. 4C) . Following transfection with the PCBP2 siRNA, the percentages of primary HSCs in G0/G1 and G2/M phases were restored to normal compared with cells without PDGF stimulation. Similar experiments were conducted in HSC-T6 cells (Fig. 4D) . PDGF also decreased the proportion of cells in G1/G0 phase but arrested the cells in S phase rather than G2/M phase. Therefore, the PCBP2 siRNA restored the PDGF-induced cell distributions in G0/G1 and S phases.
PCBP2 siRNA inhibits the migration effect of cytokines and alcohol
HSCs reside in the space of Disse, the major storage site of vitamin A. 29 Following chronic injury of the liver, activated HSCs migrate and accumulate at the site of injury, where they produce large amounts of ECM and modulate the ECM degradation rate. Cytokines such as TGF-b1, 26 PDGF, and EGF have been previously reported to facilitate HSC migration. 10, 28 In the present study, we evaluated whether the PCBP2 siRNA inhibited the migration effect induced by cytokines and alcohol. First, we treated HSCs with serial concentrations of TGF-b1, PDGF, and EGF to determine the optimal concentration that induces the highest degree of HSC migration (data not shown). Primary HSCs (Fig. 5) and HSC-T6 cells (Fig. 6) were transfected with the PCBP2 siRNA, followed by incubation with the cytokines for 4 h. Scrambled siRNA was used as a negative control. As illustrated in Fig. 5 , after stimulation with the cytokines, the number of migrated primary HSCs was increased by approximately 3.3-fold (PDGF), 2.7-fold (TGF-b1), and 4-fold (EGF). In contrast, transfection of the cells with the PCBP2 siRNA reversed the stimulatory effects of these cytokines. Similar results were observed in HSC-T6 cells (Fig. 6) . The number of migrated HSC-T6 cells was increased by 2-fold (PDGF), 3-fold (TGF-b1), and 2.5-fold (EGF) after cytokine stimulation. Transfection with the PCBP2 siRNA also reversed the stimulatory effect of cytokines in HSC-T6 cells. 
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Next, we evaluated the stimulatory effect of alcohol on the migration of primary HSCs. As shown in Fig. 7 , incubation with alcohol for 24 h increased the number of migrated cells by approximately 2-fold, whereas the PCBP2 siRNA was able to completely reverse the stimulatory effect on migration. In contrast, alcohol exhibited a more significant effect (4.65-fold increase) on cell migration when the incubation time was extended to 48 h. Treatment of the cells with the PCBP2 siRNA attenuated, but could not completely reverse, the stimulatory effect of alcohol on migration. This result could be due to the transient silencing effect of the PCBP2 siRNA during the longer alcohol stimulation period.
Combinational treatment with PCBP2 siRNA and LY2109761
LY2109761 is a small molecule inhibitor of TGF-b receptor type I/ II kinases and widely used for the treatment of various diseases. 30, 31 It has be used to treat pulmonary fibrosis 32 and human hypertrophic scar fibroblasts 33 because of its inhibitory effect on the expression of type I collagen. In this study, we treated HSCs with a combination of the PCBP2 siRNA and LY2109761 and then monitored the expression of type I collagen by western blotting (Fig. 8A) . HSC-T6 cells are activated HSCs and accordingly express high levels of type I collagen. While LY2109761 alone significantly reduced the expression of type I collagen, the combination of LY2109761 and PCBP2 siRNA had a much stronger inhibitory effect on type I collagen. The protein expression of type I collagen in HSC-T6 cells was reduced to near negligible levels by the combinational treatment.
We next treated primary HSCs (quiescent) with the same combination of PCBP2 siRNA and LY2109761 before subsequent alcohol stimulation (Fig. 8B) . Compared with HSC-T6 cells, primary HSCs are quiescent and therefore express low levels of type I collagen. Incubation with alcohol significantly induced the expression of type I collagen, and the combinational treatment reversed the expression level of type I collagen.
Next, we evaluated whether single transfection of PCBP2 siRNA can also reverse the alcohol-induced expression of type I collagen in primary HSCs. As shown in Fig. 8C , PCBP2 siRNA alone exhibited a dose-dependent inhibitory effect on the alcohol-induced expression of type I collagen. The combination of LY2109761 with PCBP2 siRNA further reduced the expression of type I collagen to a negligible level. 5 . PCBP2 siRNA inhibits cytokine-induced migration of primary rat HSCs. After transfection with 50 nM PCBP2 siRNA for 24 h, primary rat HSCs were seeded onto transwell chambers and incubated for 4 h to allow migration through the membrane. The migrated cells were stained, and images were obtained at 200Â magnification. Six random microscopic fields were counted in each transwell. Cells treated with scrambled siRNA were used as the negative control. Results are presented as the mean ± SD (N ¼ 3). *P < 0.05; **P < 0.01.
Discussion
In our previous study, we demonstrated that a synthetic PCBP2 siRNA has a potent silencing effect on the expression of aCP2 that stabilizes type I collagen a1 mRNA in activated HSCs. 9 As an activated HSC line, HSC-T6 cells reflect a fibroblast-like phenotype that proliferates rapidly in culture. 34 HSC-T6 cells express cytoskeletal proteins, such as desmin, alpha-smooth muscle actin, glial acidic fibrillary protein, and vimentin, which are typical markers of activated stellate cells. In the current study, primary HSCs isolated from normal rats were stimulated with alcohol and cytokines. This model was used to mimic the activation of quiescent HSCs in the initiation stage of fibrogenesis. We also used HSC-T6 cells as a model of the perpetuation stage of fibrogenesis.
HSCs are the main contributor to ECM accumulation in the development of alcoholic liver fibrosis. HSCs transdifferentiate into active fibroblasts after continuous exposure to alcohol or other chronic injuries. 3 An increase in cytokine release has been reported to occur during the chronic wound-healing process. 10,35e38 The activated fibroblasts migrate to injury sites where they demonstrate enhanced proliferation and collagen production. In our previous study, we found overexpression of aCP2 and collagen type I in HSC-T6 cells after exposure to alcohol, and the PCBP2 siRNA reverses the collagen accumulation in HSC-T6 cells. 9 In the current study, we first isolated primary HSCs from rat liver and then treated the cells with alcohol. As shown in Fig. 1 , the mRNA levels of PCBP2 and type I collagen were increased significantly. In addition, the type I collagen mRNA level was more significantly increased in primary HSCs than in HSC-T6 cells. We infer that the primary HSCs isolated from a healthy rat were quiescent and therefore more sensitive to the alcohol stimulation. We also demonstrated that treatment of primary HSCs with the PCBP2 siRNA significantly suppressed the alcohol-induced mRNA levels of PCBP2 and type I collagen as well as the protein level of type I collagen (Figs. 1 and 8) .
It is known that activated HSCs produce more type I collagen upon initiation of fibrogenesis and upregulate PDGF and TGF-b1 secretion in the fibrotic environment. In our study, as shown in Fig. 3A , type I collagen expression was increased by PDGF and TGFb1 stimuli. Treatment with the PCBP2 siRNA significantly decreased the expression of type I collagen at mRNA and protein levels. aCP2, which is encoded by the PCBP2 gene, binds to the 3 0 end of type I collagen mRNA and increases its stability, leading to the accumulation of a large amount of collagen in the fibrotic liver. 9, 39 Here, we
showed that treatment of alcohol-and cytokine-stimulated primary rat HSCs with the PCBP2 siRNA significantly inhibited the collagen accumulation. PDGF is a cytokine with the strongest mitogenic stimulatory effects on HSC proliferation. PDGF and its receptors are highly expressed in cirrhotic liver. 40 As Lin and Chen 23 reported, primary rat HSCs stimulated with PDGF for 24 h show a dose-dependent increase in cell proliferation. Adachi et al. 41 reported that PDGF activates NAD(P)H oxidase in HSCs, leading to the generation of reactive oxygen species, which further activates p38 mitogenactivated protein kinase (MAPK) and induces the proliferation of HSCs. Similarly, we found a significant proliferation effect on both primary HSCs and HSC-T6 cells exerted by PDGF stimulation (Fig. 4A and B) . This result is also in accordance with a report showing that microRNA-214 (mir-214) suppresses glioma proliferation by targeting PCBP2. 42 Mir-214 binds to the 3 0 -untranslated region of PCBP2 mRNA, which leads to the degradation of PCBP2 mRNA. As a result, mir-214 inhibits the proliferation and growth of glioma cells. In contrast, the restoration of PCBP2 dramatically reverses these tumor-suppressive effects. PCBP2 has been also reported to regulate astrocyte proliferation after spinal cord injury 43 and facilitate the progression of esophageal squamous cell carcinoma by regulating cellular proliferation and apoptosis. 44 In this study, HSC cells were transfected with PCBP2 siRNA and then treated with PDGF. The PCBP2 siRNA remarkably blocked the PDGFstimulated proliferation of HSCs. HSC migration is one of the major features in liver fibrogenesis. In addition to alcohol, several cytokines were used in this study to mimic the fibrotic environment in the liver. As Yang et al. reported, 10 the stimulation of HSCs with PDGF, TGF-b1, or EGF enhanced the migratory capacity of HSCs. Furthermore, TGF-b1 has been reported to facilitate the migration of HSCs in a modified Boyden Chamber model via both chemotactic and haptotactic mechanisms. 45 In addition, PDGF promotes the migration of murine HSC cell line GRX. 46 Alcohol has also been reported to promote migration and invasion of triple-negative breast cancer cells through activation of p38 MAPK and c-Jun N-terminal kinase. 47 In this study, PDGF, TGF-b1, EGF, and alcohol were used to exert a migration effect on HSCs. We found that treatment with PCBP2 siRNA attenuated or reversed the HSC migration induced by alcohol, PDGF, TGF-b1, and EGF, which is consistent with the study of Lin et al. who found that knocking down PCBP2 inhibits glioma cell migration and invasion via Rho GDP dissociation inhibitor alpha. 48 In addition, we demonstrated that the combination of PCBP2 siRNA and LY2109761 had a potent silencing effect on collagen expression (Fig. 8) . Both HSC-T6 cells and primary HSCs were used to evaluate the combinational treatment. LY2109761, a TGFb receptor type I/II kinase inhibitor, has been used to treat pulmonary fibrosis and human hypertrophic scar fibroblasts. It was reported that LY2109761 strongly inhibits pulmonary fibrosis. 32 It was also found that LY2109761 reduces the expression of pSMAD1 and pSMAD2, and attenuates the gene expression involved in canonical and noncanonical TGF-b signaling. These data indicate that LY2109761 has an antifibrogenic effect through the inhibition of proinflammatory, proangiogenic and profibrotic signals. Furthermore, Wang et al. reported that LY2109761 suppresses the mRNA levels of type I collagen and TGF-b1 by approximately 86% and 85% in hypertrophic scar-derived fibroblasts, respectively. 33 TGF-b1 enhances collagen expression through its cognate receptors to Smad proteins, which increases the transcription of their target genes including procollagen I and procollagen III. 4 Here, we used LY2109761 combined with PCBP2 siRNA to suppress collagen synthesis and inhibit collagen stability, respectively, which produced a strongly synergistic silencing effect on the accumulation of type I collagen.
In conclusion, rat primary HSCs and the HSC-T6 cell line were used to model the initiation and perpetuation stages of liver fibrosis. We observed that the expressions of aCP2 and type I collagen were significantly enhanced in primary HSCs and HSC-T6 cells that were exposed to alcohol or fibrogenic cytokines. Notably, we demonstrated that PCBP2 siRNA inhibited overexpression of PCBP2 and type I collagen. Moreover, PCBP2 siRNA reversed the cell proliferation and migration induced by alcohol and fibrotic cytokines. This study suggests that the PCBP2 siRNA can be used alone or in combination with LY2109761 to reverse alcoholic liver fibrosis.
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